Abstract: The present study investigated the relationship between chewing skills and speech intelligibility of nonsense one-syllable utterances in Korean children aged 3-8 with spastic cerebral palsy. Twenty-five children with spastic cerebral palsy participated in the study. Chewing skills were examined using the biting and chewing portions of the PreSpeech Assessment Scale (PSAS), which provides a format with guidelines and scoring procedures for the assessment of normal and abnormal components of pre-speech functioning. Oral movements were observed while chewing food of different consistencies. Speech intelligibility was examined via perceptual analysis of consonant-vowel (CV) syllable production. The study showed (1) a significant and positive correlation between normal chewing scores and speech intelligibility scores, and (2) a significant and negative correlation between abnormal chewing scores and speech intelligibility scores. The current study is consistent with previous studies that found a significant relationship between non-speech oral movements and speech acts. The results of the present study are discussed from the point of view of motor controls of speech and non-speech behavior, and their clinical applications are suggested.
This therapy program pays more attention to improving chewing activity because it is the major element of feeding activity and is accomplished by the coordinated movements of the jaw, lips, and tongue simultaneously. These kinds of speech therapy program are based on the assumption that treatment of oral motor control will be generalized to speech motor control 11, 12) . Although empirical data about the relationship between oral motor activities and speech are not sufficient, many clinicians have the notion that training non-speech behaviors in children with cerebral palsy would facilitate speech by transferring the non-speech skills to impaired speech behaviors. Therefore, the current study investigated whether there are any significant correlations between chewing skills and intelligibility of nonsense one-syllable utterances in children with spastic cerebral palsy.
A total of 25 Korean children (13 boys and 12 girls) who were diagnosed with spastic cerebral palsy aged 3 to 8 (mean=73.1 months, SD=20.08 months) participated; they were recruited from the Seoul and Gyeonggi areas. All participants were reported to have no history of hearing or cognitive disorders by their parents, teachers, or speech therapists. Twenty had cerebral palsy with spastic diplegia, four had spastic quadriplegia, and one had spastic hemiplegia.
1) Chewing skills
Chewing skills were examined using the chewing portion of the Pre-Speech Assessment Scale (PSAS) A chewing section from the PSAS was administered for the purpose of the current study. However, jelly was used in the current study as a substitute for raisins used in the PSAS given that raisins are not relatively familiar food to Korean children.
2) Speech intelligibility
An open nonsense monosyllabic structure (CV) was used to evaluate speech intelligibility. Three different vowels -/a/, /i/, and /u/-were used in order to contrast the articulator movements.
A total of 18 nonsense syllables (6 consonants x 3 vowels) were used as speech stimuli. for a detailed guideline). For clinical judgment of the severity of the abnormal movements, an ordinal scale from -1 to -9 was used. When abnormal behaviors were not present, it was scored zero.
N D R S i s a n i n d i c a t o r o f t h e p r e s e n c e o f movements in the pre-speech area in normal 1-to 24-month-old infants 13) . Normal behaviors were scored from 1 to 24, and the score corresponds to the last month at which the behavior appears. For example, a score of "1" indicates that the behaviors appear from birth to 1 month. When the behaviors were not present, zero was assigned.
The examiner listened to the nonsense one-syllable utterances of the participants in random order and evaluated their speech intelligibility. A 7-point scale Intelligibilities of a whole syllable and the consonant part of a syllable were evaluated separately.
1) Intra-examiner reliability
Scores of chewing skills and speech intelligibility for 20% of the total participants (N=5) were randomly selected and retesting was performed to obtain intra-examiner reliability. The percentages of intra-examiner agreement were 97% for chewing skills and 93% for speech intelligibility.
2) Inter-examiner reliability
For the purpose of obtaining inter-examiner reliability, scores of chewing skills and speech intelligibility were taken for 20% of the total participants (N=5), who were randomly selected, and evaluated by two SLPs with more than three years of experience in treating children with cerebral palsy in clinical settings. Prior to the evaluation, the examiners had a practice session using 2-3 video and audio tapes so as to be fully aware of the assessment method. The percentages of inter-examiner agreement were 93% for chewing skills and 91% for speech intelligibility.
After checking reliability, statistical analyses of the original data were carried out using the SPSS (Statistical Package for Social Science) version 11.5
for Windows. Spearman's rank correlations were computed to examine (1) the relationship between NRDS and speech intelligibility and (2) the relationship between ABS and speech intelligibility.
Descriptive information on the NDRS and speech intelligibility for each articulator movement is provided in Tables 1 and 2 , respectively. Normal chewing score is the sum of three articulators'
scores.
There was a significant and positive correlation between the NDRS and nonsense one-syllable intelligibility in children with spastic cerebral palsy (r=.813, p<.01), indicating that those who had higher
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intelligibilities in nonsense one-syllable speech production. The scatter plot is shown in Figure 1 .
The correlation coefficients were computed between the articulator movements according to the NDRS and intelligibility of each phoneme, and the results are provided in Table 4 . Abnormal chewing score is the sum of the three articulators' abnormal movement scores.
There was a significant and negative correlation between ABS and speech intelligibility (r=-.505, p<.01), indicating that those who had abnormal chewing behaviors generally had lower speech intelligibility. The scatter plot is provided in Figure   2 .
The purpose of the current study was to examine the relationship between speech intelligibility at the . Given the importance of physiological factors in early speech development, early treatment at the 31, 32) . The usefulness of non-speech oral motor treatments has been questioned because they target non-speech motor movements and oral postures for the purpose of developing motor patterns required for speech sound production 32) .
For example, because the musculatures of the speech and swallowing mechanisms differ in terms of fiber types and attachment patterns [33] [34] [35] , they may respond to training in different ways. Given the fact that one-syllable tasks were used for the purpose of measuring speech intelligibility in the current study, the findings of this study should be interpreted carefully because simple tasks to produce nonsense syllables reflect "the integrity of brain structures involved in early motor learning" rather than "motor representations acquired through long-term learning process 36) . Therefore, the results of the study may be used carefully as basic data concerning the relationship between speech motor control and non-speech motor control and the validity of intervention by oral motor training on the speech of children with cerebral palsy. Furthermore, the findings suggest that SLPs should question the belief that the practice of non-speech oral motor training is transferred to speech tasks. 
